Objective: Negative emotions have been linked to increases in blood pressure, but relations between positive emotion and blood pressure have not been investigated. Our aim was to test the hypothesis that high positive emotion would be associated with lower blood pressure in older adults. Methods: A cross-sectional study included 2564 Mexican Americans aged 65 or older living in one of five southwestern states. Primary measures included blood pressure and positive emotion score. Data analyses included descriptive and categorical statistics and regression and cumulative logit analysis. Results: The average age was 72.5 years, 52.8% were women, and 32.8% were on antihypertensive medication. For individuals not on antihypertensive medication, increasing positive emotion score was significantly associated with lower systolic (b ϭ Ϫ0.35, standard error (SE) ϭ 0.10) and diastolic (b ϭ Ϫ0.56, SE ϭ 0.07) blood pressure after adjusting for relevant risk factors; for those on antihypertensive medication, increasing positive emotion score was significantly associated with lower diastolic (b ϭ Ϫ0.46, SE ϭ 0.11) blood pressure, but not systolic blood pressure. Positive emotion was significantly associated with a four-level joint blood pressure variable. Each one-point increase in positive emotion score was associated with a 3% and 9% decreased odds of being in a higher blood pressure category for those on (odds ratio (OR) ϭ 0.97; 95% confidence interval (CI) ϭ 0.93-1.00) and not on (OR ϭ 0.91; 95% CI ϭ 0.89 -0.93) antihypertensive medication, respectively. Conclusions: Findings indicate an association between high positive emotion and lower blood pressure among older Mexican Americans. Targeting the emotional health of older adults might be considered part of nonpharmacologic hypertension treatment programs or as part of adjunctive therapy for those on antihypertensive medication.
INTRODUCTION

H
ypertension affects approximately 50 million people in the United States and approximately one billion worldwide (1) . Although progress in prevention, treatment, and control of high blood pressure has been made, hypertension remains a major public health challenge. A large minority of the U.S. population-estimated at 30%-is unaware of their high blood pressure (1) . Even more worrying, however, is the apparent lack of awareness that high blood pressure can increase the risk for myocardial infarction, heart failure, stroke, and kidney disease. Each 20-mm Hg increase in systolic blood pressure doubles the risk for cardiovascular related diseases (2) .
Identifiable factors associated with high blood pressure are well-established and include older age, increased weight, physical inactivity, excessive alcohol consumption, smoking, poor diet control, diabetes, and genetic predisposition (3, 4) . The role of negative emotions such as depression or anxiety in the etiology of hypertension is also supported by research (5, 6) . For example, a population-based study of 3310 normotensive and chronic disease-free individuals showed negative emotion as a significant predictor of incident hypertension among whites and blacks (7) .
In the last decade, emerging literature has begun to identify the health benefits of positive emotions (8 -10) . In older populations, studies show that high positive emotion can reduce the risk of incident disability and mobility limitations, stroke, cardiovascular and all-cause mortality, and can aid in recovery from coronary artery bypass graft surgery (11) (12) (13) (14) . Knowing an older person's emotional well-being before a heart attack, stroke, or hip fracture is also a good predictor of functional recovery 1-year postevent (15) .
Given the strong association between blood pressure and cardiovascular health, an important question is whether high positive emotion is associated with lower blood pressure. A basic element of health is homeostasis (the physiological responses that maintain internal balance), and initial studies suggest that positive emotion may play an important role in keeping the body in balance through chemical and neural responses (16 -18) . Steptoe et al. (19) recently showed an independent association between positive emotion and lower cortisol levels and heart rate and reduced fibrinogen stress responsivity. There is also some indication that under stressful conditions, positive emotions may help promote skills necessary to adapt to and cope with changing life events (20, 21) . Taken together, these studies provide theoretical support for an association between positive emotion and blood pressure and may provide insight into why some individuals who belong to underserved or disadvantaged groups appear resilient to poor health outcomes.
Mexican Americans, the largest minority group in the United States, are typically disadvantaged in relation to socioeconomic position (with approximately 20% living in households with poverty-level incomes) (22) , access to health care, and social services compared with their non-Hispanic white counterparts and report higher rates of diabetes and obesity (23) . Despite these disadvantages, research indicates Mexican Americans have similar or better health profiles than non-Hispanic whites (24 -26) . For example, Mexican Americans display lower mortality rates from several of the leading causes of death, including cardiovascular diseases and cancer (27) . One possible explanation is that lower rates of affective disorders in Mexican Americans compared with non-Hispanic whites create a health advantage (28 -30) . In the present study, we use data from the Hispanic Established Population for the Epidemiologic Study of the Elderly to examine the role of positive emotion and its association with blood pressure in older Mexican Americans. We hypothesized that high positive emotion would be associated with lower blood pressure.
METHOD Sample
The Hispanic Established Population for the Epidemiologic Study of the Elderly (H-EPESE) is a population-based study of noninstitutionalized Mexican Americans aged 65 years or older. Details of the study design are published elsewhere (31) . Briefly, individuals were selected from the five southwestern states of Texas, California, Arizona, Colorado, and New Mexico. The sample design was for a multistage area probability cluster sample that involved selection of counties, census tracts, and households. In the first stage, counties (a small census-based geographic area) were selected if at least 6.6% of the county population was of Mexican American ethnicity. In the second stage, census tracts were selected with a probability proportional to the size of their older (age 65ϩ) Mexican American population using counts from the 1990 U.S. Census. In the third stage, census blocks (small area units within census tracts) were selected at random to obtain at least 400 households within each census tract. These households were screened to identify persons who were older Mexican Americans. The sampling procedure assures a sample that is generalizable to the more than 500,000 older Mexican Americans living in the southwest. The five states in the H-EPESE sampling frame contain 85% of the 65 and older Mexican American population living in the United States. The response rate at baseline interview (1993-1994) was 83% (31) . In-home interviews were conducted in Spanish or English and participants gave informed consent. The study was approved by the University of Texas Medical Branch Institutional Review Board.
Exclusion Criteria
A total of 486 older Mexican Americans were excluded from the current sample. This included 170 individuals with missing data on blood pressure (n ϭ 88) and anthropometric measures (n ϭ 82) and those who were interviewed by proxy (n ϭ 316). The current sample contained a total of 2564 older individuals.
Measures
Antihypertensive Medication
The use of prescription medications for blood pressure control was assessed by in-person interview using previously established protocols (32) . Individuals were first asked about use of any prescription medications within 2 weeks of the interview and then asked to show the interviewer all current prescription medications. The interviewers documented the drug name, its dosage form, and strength. A panel of three geriatricians compiled a list of all the medications including brand and fixed-dose combination medications. The generic equivalents were established and the medications were classified into major therapeutic classes and subclasses. Of the 2564 individuals included in the current sample, 841 (32.8%) were on antihypertensive medication.
Systolic and Diastolic Blood Pressure
Systolic and diastolic blood pressures were used as continuous variables and as a four-level joint categorical variable according to the criteria of the Joint National Committee (JNC) 7 classification system on prevention, detection, evaluation, and treatment of hypertension (2) . Normotensive was defined as a systolic blood pressure of Ͻ120 mm Hg and a diastolic blood pressure of Ͻ80 mm Hg, prehypertension as a systolic pressure of 120 to 139 mm Hg or a diastolic pressure of 80 to 89 mm Hg, stage 1 hypertension as a systolic blood pressure of 140 to 159 mm Hg or diastolic blood pressure as 90 to 99 mm Hg, and stage 2 hypertension as a systolic blood pressure Ն160 mm Hg or diastolic blood pressure Ն100 mm Hg. In the current study, blood pressure was measured using a standard mercury sphygmomanometer with appropriate cuff size after the individual had remained seated for at least 5 minutes according to the standard protocol used in the Hypertension Detection and Follow-up Program (33) . An average of two blood pressure readings was calculated. If the individual had only one blood pressure reading, it was used. Ninety-eight percent of individuals had two blood pressure readings.
Positive Emotion
A four-item positive emotion summary scale was created from the 20-item Center for Epidemiologic Studies-Depression (CES-D) scale. Factor analysis has shown the four CES-D items to load onto a single positive emotion factor (34 -37) . The four positive emotion items included: "I felt that I was just as good as other people," "I felt hopeful about the future," "I was happy," and "I enjoyed life" (35) . Responses were scored on a four-point scale (0 -3) ranging from rarely or none of the time (Ͻ1 day per week) to most of the time (5-7 days per week). Summing the responses, the positive emotion scale had a potential range of zero to 12, in which higher scores indicated higher positive emotion. The four items from the positive emotion scale have shown high internal consistency (alpha ϭ 0.80) and a weak correlation (r ϭ Ϫ0.25) with the remaining 16 negative emotion items (12) .
Covariates
Covariates included sociodemographic characteristics (age, sex, marital status, and years of schooling), health behaviors (current alcohol use and smoking status), and clinical measures (body mass index, depressive symptoms, and self-reported diabetes). Alcohol use was based on the number of drinks (beer, wine, or liquor) per week. Body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared. Depressive symptoms were calculated by summing the 16 remaining items from the CES-D scale (range, 0 -48), in which higher scores indicate increased depressive symptoms.
Statistical Analysis
Sociodemographic, health behaviors, and clinical variables were examined using descriptive and univariate statistics for continuous variables and contingency tables for categorical variables with significance tests by 2 analysis. Generalized linear regression models were used to describe associations between positive emotion and systolic and diastolic blood pressure with and without adjustment for relevant risk factors. Risk factors included sociodemographic characteristics, health behaviors, and clinical variables. For general linear models, unstandardized parameter estimates were presented along with corresponding standard errors (SE); p Ͻ .05 was considered significant. Interactions were tested between positive emotion and covariates, including age, gender, marital status, BMI, and diabetes on blood pressure using general linear regression models. No significant interactions were identified, and these models were not reported.
Cumulative logit models (i.e., ordered logit models) were used to assess associations between the continuous positive emotion score and the four-level joint systolic and diastolic blood pressure variable using criteria established by the Joint National Committee 7. Each reported odds ratio (OR) (and 95% confidence intervals (CI)) for the cumulative logit models is interpreted as the effect of the independent variable on the odds of being in a higher blood pressure level rather than in a lower level. The first model examined the univariate association between positive emotion and the four-level blood pressure measure. The second model added sociodemographic characteristics and health behaviors. The third model included sociodemographic characteristics, health behaviors, and clinical measures. Model assumptions for the regression and logit analysis were tested and met. All analyses were performed using SAS statistical software version 9.1 (SAS Institute, Inc., Cary, NC).
RESULTS
The average age of the sample was 72.5 (standard deviation (SD) ϭ 6.3) years, 52.8% were women, and the mean years of schooling was 4.9 (SD ϭ 3.8). The mean positive emotion score was 8.2 (SD ϭ 3.5). Of those currently on antihypertensive medication (n ϭ 841), the mean systolic and diastolic blood pressure was 138.5 mm Hg (SD ϭ 17.1) and 82.1 mm Hg (SD ϭ 10.8), respectively. This compared with a mean systolic and diastolic blood pressure of 132.5 mm Hg (SD ϭ 14.8) and 79.9 mm Hg (SD ϭ 10.4), respectively, for those not on antihypertensive medications (n ϭ 1,723). Table 1 shows the sample population stratified by use of antihypertensive medication. There were no statistically significant differences between the two groups in relation to positive emotion score, age, and years of schooling. Individuals on antihypertensive medication were significantly more likely to have higher BMI and depressive symptom scores and to report being diabetic. Conversely, individuals not on antihypertensive medication were significantly more likely to be men, married, a current smoker, and use alcohol, although the average number of drinks per week in both groups was less than one. Figures 1 and 2 show unadjusted associations between positive emotion score and percent with high systolic (Ն140 mm Hg) and diastolic (Ն90 mm Hg) blood pressure, respectively, stratified by use of antihypertensive medication. For individuals not on antihypertensive medication, Figures 1 and  2 show a general trend of association between increasing positive emotion score and lower risk of high systolic (p Ͻ .0001) and diastolic (p Ͻ .0001) blood pressure. Similarly, for those on antihypertensive medication, increasing positive emotion score was significantly associated with lower risk of high diastolic blood pressure (p ϭ .0007), whereas a nonsignificant association was observed between positive emotion score and high systolic blood pressure (p ϭ .09). Table 2 shows both standardized and unstandardized generalized regression analyses for the association between continuous positive emotion score and continuous systolic and diastolic blood pressure. Model analysis was stratified by use of antihypertensive medication and was adjusted for sociodemographic characteristics (model 1) and sociodemographic characteristics, health behaviors, and clinical variables (model 2). For individuals not on antihypertensive medication, increasing positive emotion score was significantly associated with lower systolic blood pressure after adjustment for covariates in models 1 and 2. Conversely, for those on antihypertensive medication, the association between increasing positive emotion score and lower systolic blood pressure did not reach significance for either model 1 or 2.
Other factors significantly associated with higher systolic blood pressure in the antihypertensive medication group included men (b ϭ 2.59, ␤ ϭ 0.07; SE ϭ 1.27, p ϭ .04) and increasing BMI (b ϭ 0.23, ␤ ϭ 0.08; SE ϭ 0.11, p ϭ .02). For those not on antihypertension medication, being married (b ϭ Ϫ1.99, ␤ ϭ Ϫ0.07; SE ϭ 0.79, p ϭ .01) and increasing years of schooling (b ϭ Ϫ0.21, ␤ ϭ 0.06; SE ϭ 0.09, p ϭ .03) were associated with lower systolic blood pressure, whereas increasing negative emotion score (b ϭ 0.14, ␤ ϭ 0.07; SE ϭ 0.006, p ϭ .007) and men (b ϭ 2.13, ␤ ϭ 0.07; SE ϭ 0.78, p ϭ .007) were associated with higher systolic blood pressure. Table 2 (models 1 and 2) also shows that increasing positive emotion score was significantly associated with lower diastolic blood pressure for all individuals, those on and not on antihypertensive medication, although the strength of association between positive emotion score and diastolic blood pressure was stronger for those not on antihypertensive medication. Other factors significantly associated with diastolic blood pressure were similar for both antihypertensive groups. Increasing BMI and negative emotion score, being diabetic, and men were associated with higher diastolic blood pressure, whereas younger age and nonsmokers were associated with lower diastolic blood pressure. Table 3 shows the association between continuous positive emotion score and the four-level joint blood pressure variable for individuals not on antihypertensive medication. Results were presented using cumulative logit models, in which sociodemographic characteristics, health behaviors, and clinical variables were sequentially added to the analysis. Model 1 shows the univariate association between positive emotion score and blood pressure. Each one-point increase in positive emotion score decreased the odds of being in a higher blood pressure category by 9% (OR ϭ 0.91; 95% CI ϭ 0.89 -0.94). The associated odds remained similar in model 2 with the addition of sociodemographic characteristics (age, sex, marital status, and years of education) and health behaviors (current alcohol consumption and smoking status). In model 3, with clinical measures added (BMI, self-rated diabetes, and depressive symptoms), each onepoint increase in positive emotion score was associated with a 9% decreased odds of being in a higher blood pressure category (OR ϭ 0.91; 95% CI ϭ 0.89 -0.93).
Model 3 was reanalyzed for individuals on antihypertensive medication. Two variables-positive emotion score and BMI-were significantly associated with blood pressure. Each one-point increase in positive emotion score was associated with a 3% decreased odds of being in a higher blood pressure category (OR ϭ 0.97; 95% CI ϭ 0.93-1.00), whereas each one-unit increase in BMI was associated with a 5% increased odds of being in a higher blood pressure category (OR ϭ 1.05; 95% CI ϭ 1.02-1.07). 
CONCLUSIONS
The present study tested the hypothesis of an association between high positive emotion and lower blood pressure in Mexican Americans aged 65 or older. To increase the clinical applicability of our findings, blood pressure was measured using the standard protocol from the Hypertension Detection and Follow-up Program, and individuals on antihypertensive medication were identified and included in separate analyses. As well, systolic and diastolic blood pressure were assessed as independent continuous variables and as a joint categorical variable according to the Joint National Committee (JNC) 7 classification system on prevention, detection, evaluation, and treatment of hypertension (2) .
Our main findings can be summarized as follows. Increasing positive emotion score was significantly associated with lower continuous systolic and diastolic blood pressure for older Mexican Americans not on antihypertensive medication and was significantly associated with continuous diastolic blood pressure for those on antihypertensive medication. Associations were independent of sociodemographic characteristics, health behaviors, and clinical variables known to affect blood pressure. As well, the positive emotion-blood pressure association remained significant after adjustment for depressive symptoms, so it was not a reflection of the relationship between negative emotion and elevated blood pressure (38) . We further showed that when blood pressure was categorized according to the JNC 7-recommended guidelines, positive emotion was significantly associated with lower odds of being in a higher blood pressure category. The analysis also showed a nonsignificant association between positive emotion score and continuous systolic blood pressure for those on antihypertensive medication. Lack of a significant association for this group was not entirely clear. If antihypertensive medication reduced the association between positive emotion score and systolic blood pressure to nonsignificance, then a similar nonsignificant association, for those on antihypertensive medication, would have been expected between positive emotion score and diastolic blood pressure. As part of the analysis, we also tested possible moderating effects of selected sociodemographic characteristics, health behaviors, and clinical variables on the association between positive emotion score and systolic and diastolic blood pressure. All tested interactions were nonsignificant. Therefore, it is possible that some unmeasured third variable may have affected the positive emotion-systolic blood pressure association for those on antihypertensive medication.
In general, the findings indicate a linkage between an individual's level of emotional well-being and blood pressure and suggest efforts to reduce or normalize blood pressure through psychological or cognitive-behavioral programs such as relaxation therapy or stress management may prove clinically beneficial. Sobel (39) has reported on the value of using psychosocial techniques to improve health outcomes, including hypertension, while reducing the need for more expensive medical treatments. In a meta-analysis of 23 randomized, controlled trials, Linden et al. (40) showed with the addition of psychosocial treatments to standard cardiac rehabilitation regimens, systolic blood pressure and heart rate were significantly reduced in patients with coronary artery disease compared with those who received usual care over a 2-year period. Although more research is needed to clarify relations between positive emotion and blood pressure, behavioral treatments might be considered as part of nonpharmacologic treatment programs among individuals not currently on antihypertensive medication with mild to moderate hypertension or as part of adjunctive therapy for those on antihypertensive medication.
Our results linking high positive emotion with lower blood pressure are consistent with an emerging literature on psychological well-being and cardiovascular-related health outcomes (41) . A study of 1306 male war veterans from the Normative Aging Study showed optimists were less likely to experience angina and heart attacks than pessimists (42). Ostir et al. (43) showed that 6-year stroke incidence in a sample of 2478 older whites and blacks was significantly reduced among those with high positive emotion. Others have also shown that psychological well-being can predict recovery from cardiovascularrelated diseases (44 -47) .
Because a key hypothesis of the current study and other psychological well-being studies is the relation between high positive emotion and optimal health, it becomes important to understand pathways through which positive emotion may work to influence health. Some evidence suggests that positive emotion promotes adaptive coping abilities and builds resilience to stressful life events (20, 48) . Folkman (20) has identified three coping mechanisms related to positive emotions: positive reappraisal, problem-focused coping, and recalling positive events. All three coping mechanisms involve the need to create or reinforce purpose and meaning in life. Ryff (49) has presented evidence showing positive relations between an older individual's ability to adapt and change with life circumstances and psychological well-being.
Positive emotions may also help promote strong and lasting social relationships (50) , which are vital to health and wellbeing. Over the past several decades, a large body of research has shown that absence of social ties is a major risk factor for increased morbidity and mortality (51-55). Uchino et al. (56) , in a review of 81 studies, found linkages between social networks and beneficial effects on the cardiovascular, endocrine, and immune systems. Population-based studies have also reported that an increasing number of social ties are associated with better physiological profiles, including lower heart rate and systolic blood pressure (57, 58) .
An emerging literature also indicates the likelihood that positive emotion can affect biochemical pathways, which in turn may affect change in blood pressure. Cortisol, a key stress hormone and related to hypertension (59) , was found to be lower in persons with high levels of positive emotion compared with low positive emotion (19) . Epel et al. (60) showed individuals who were able to find positive meaning in a traumatic event had more adaptive hormonal responses to subsequent stressors. These and other studies (16, 17, 61) are preliminary, but they provide an interesting and promising psychobiologic approach to better understand why some older adults, especially those from minority populations, appear resilient to adverse life events and present with good physical health profiles despite being disadvantaged.
The current study has some limitations. First, our measure of positive emotion was relatively crude. Because the positive emotion summary scale encompasses such overlapping concepts as happiness, autonomy, and being hopeful about future events, one could argue that it would not be well represented by a four-item scale. Second, the current findings may not generalize to other populations in which cultural or age differences may exist. Therefore, it would be important to replicate our findings in other populations. Our study has several strengths, including its large community-based sample, its design, and use of objective measures, including blood pressure and antihypertensive medications. The current study was also the first, to our knowledge, to examine blood pressure and the protective role of positive emotion in the largest minority population in the United States (62) .
In summary, our findings indicate that positive emotion is related to lower blood pressure and are suggestive of a protective role against cardiovascular-related diseases. Further investigations are warranted; as well, there is a need to understand how to cultivate the positive in a person's life and to understand why some individuals, especially those belonging to disadvantaged minority groups, are able to maintain high levels of emotional well-being. Broadening current health outcome models to include measures of well-being, including positive emotion, may help provide answers to these questions and may subsequently challenge the way we think about disease prevention and recovery.
